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d teothiazole-5-carboxamide derivatives, their preparation and theer use as 



There are provided isoxazole- and isotbiazole- 
Js of formula I 



X represents an oxygen or sulfur atom; 

W represents an optionally substituted alhyl, alkB- 

nyl, cycioalkyl, diakylamino. aryl, heteroaryl orar- 

afkyigrpup; 

y represents a hydrogen atom, a hatogan atom, or 
an optionally substituted afKyl group; 



represents a hydrogen atom, an optionally sub- 
stituted alky! group, or an optionally substituted acyl 
group; 

Z represents an optionally substituted c r 
C 4 alkylene group with the proviso that when A, is 
hydrogen and Z is methylene, then the optional svb- 
stituent does not represent cyano, thiocarbamoyl or 
thkwarbamoyl-acyl; and 

Ft, represents an optionally substituted aryl or het- 
eroaryl group with the proviso that when X repre- 
sents a sulfur atom then Rj does not represent a 
futy! group or a phenyl group optionally substituted 
with halogen and with the further proviso that whan 



then R 2 does not represent an unsubstituted phenyl 
group; or the N-oxides Ihereof; or the optical iso. 
mers thereof. 

There are further provided methods for the control 
of undesirable monrxotyledsnous and dioofyledenous 
pbnls species in the presence dI a crop, such as a ce- 
real crop or leguminous crop, Herbicitial compositions 
and methods of using same are also provided. 
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Description 

This invention relates to isoxazole- and isothiazole-5-rarboxylic acid amide compounds, the preparation of said 
compounds, herbicidal compositions containing said compounds, and a method of controlling undesirsd plant growth 
therewith. 

Amides of isoxazole- and isothiazoie-5-carboxylic acidsare welf known in the chemical literature. Several N-araikyl 
and N-hetsroaralkyl amides of said acids have been reported to have useful pharmaceutical and agrochemical appli- 
cations; for example, U.S. 3,912,756 describes the preparation of N-(4-carhoxyalkoxy)phenyl-alkyienyi isoxazole- 
5-carboxamides as hypoxemics; and U.S. 5,039,694 describes the preparation and fungicidal activity of N-(subsiituted 
heterocyclyl-methyl)-isoxazo!e-5-carboxamides. 

Further, the herWcidal activity of isoxazole-5-earboxamides which are substituted in the 4-position by acarbonyi 
or carboxyl group is described in U.S. 5,080,703 and U.S. 5,201 ,932. In U.S. 5,080,708, the benzyl amide of a 3-aiky(* 
isoxazole.5-carboxylic acid, which is unsubslituted in the 4-position, is cited as an intermediate in the preparation of 
herbicidal compounds. However, there isno indication that said compound, iackinga4-subsiituent, may showherbicidal 
activity. 

Therefore, it is an object of this invention to provide herbicidal isoxazole- and isothiazole-5-carboxamide com- 
pounds. 

It is another object of this invention to provide herbicidal compositions and methods utilizing said heterocyclyl- 
5-carboxamide compounds. 

It is a feature of this hvention that said herbicidal compositions may be used to selective^ control undesirable 
weed species in the presence of a crop, such as a cereal crop or a leguminous crop. 

below"* ° iher ° bJ " Cte ^'^ ' eatUf9S 01 inVanti °" "* b9COmS aPP ^ ent fror " 1he detai ' Sd dBSCrip,ion S8t 1orth 
The present invention provides herbicidal isoxazole- and isothiazole-5-carboxamide compounds of formula I 




(I) 



wherein X represents an oxygen or suffur atom: 

W represents an optionally substituted alkyl, alkenyl, cycloalkyl, dialkylamino, aryl, heteroaryl or aralkyl group; 
V represents a hydrogen atom, a halogen atom, or an optionally substituted alkyl group; 
R, represents a hydrogen atom, an optionally substituted alkyl group, or an optionally substituted acyl group 
Z represents an optionally substituted G l -C 4 alkylene group with the proviso that when R, is hydrogen and Z is 
methylene, then the optional substituent does not represent cyano, thiocarbamoyl or thiocarbamoyl-acyl; and 
Ra represents an optionally substituted aryl or heteroaryl group with the proviso that when X represents a sulfur 
atom then Z-R £ does not represent a fury! group or a phenyl group optionally substituted with halogen and with 
the further proviso that when Z represents an unsubstiluted methylene group, then R, does not represent an 
unsubstitgted phenyl group; or 

the N-oxjdes thereof: or the optical isomers thereof. 

There are further provided methods for the control of undesirable monocotyledenous and dicotyledenous plant 
species in the presence of a crop, such as a cereal crop or leguminous crop. Herbicidal compositions and methods of 
using same are also provided. 

Crop production can be reduced by as much as 30% to 60% by Ihe presence of persistent and pestiferous weed 
species. Compounds which demonstrate effective control over a broad spectrum of annual and perennial monocoty- 
iedenoue and dicotyledenous weeds in the presence of a crop, wh3a commensurately demonstrating selective toler- 
ance toward that crop, are of great interest in agricultural practice and modern pes! management programs. 

It has nowbeen found that a broad spectrum of grass weeds and broad-leafed weeds may be effectively controlled 
in the presence ot a crop, such as a cereal crop or leguminous crop, with little or no phytotoxic injury to said crop by 
the preemergsncs or postemergence application of an isoxazole- or isoihiazote-5-carooxamide compound of formula 
1. Therefore according to a further aspect of the present invention there is provided a method for the control ol unde- 
sirable monocotyledenous and dicotyledenous annual, perennial and aquatic plant species which comprises applying 
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to the foliage of the plants or to the soil or water containing seeds or other propagating Organs thereof a herbicidally 
affective amount of a compound of formula I 



C 




wherein X represents an oxygen or sulfur atom; 
« W represents an optionally substituted alky), atony I, cycloalkyl, dialkylamino, aryl, heteroaryl or araikyl group; 

Y represents a hydrogen atom, a halogen atom, or an optionally substituted afkyl group; 

h, represents a hydrogen atom, an optionally substituted alkyl group, or an optionally substituted acyl group- 

Z represents an optionally substituted C r C 4 alkytena group; and 

Ra represents an optionally substituted aryl or heteroaryl group; or 
o the N-oxides thereof; or ., 

the optical isomers thereof. 

Preferred values for the substituent groups of formula I herein are as follows. 

Preferably, W represents an optionally substrtuted alkyl, cycloalkyl, alkenyl, dialkylamino, phenyl, pyridyl, fury! or 
> thienyt group. ■ > ■ ■■ 

Mors preferably, W represents a branched CyCgalkyl group or a phenyl group which is optionally substituted With 
one ortwo substituente independently selected from halogen, C r C 4 alkyl, C r C 4 alkoxy or C^^hatoalkyl. Most pref- 
erably, W represents a t-butyl group or a phenyl group. 
Preferably, Y and R 1 each represent a hydrogen atom. 

A preferred optionally substituted alkylene group Z has the formula -CH(R 3 )-, wherein R 3 represents a hydrogen 
atom or an optionally substituted CVC^Ikyl group, more preferably a methyl group ' 

The group f^ preferably represents either phenyl optionally substituted by 1 or 2 moieties independently selected 
graup " andCl " C4a,kyl ' ° rfu,y! ' W** 1 ' °rbenzothienyl. Morepreferably, represents a phenyl or thienyl 

In the specification and claims the term alkyl group designates an alkyl group which may be linear or branched 
and may suitably contain 1 to 10, preferably 1 to 6, carbon atoms. Examples of such alkyl groups are methyl, ethyl, i- 
propyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, i-pentyl, s-pentyl, neopentyl and the like. Similarly, an alkenyl group 
may suitably contain 2 to 8 carbon atoms; a cycloalkyl group may have from 3 to B, preferably 3 to 6, carbon atoms, 
more preferably 5 or 6 carbon atoms. The term, an acyl group, as used in the specification and claims designates a 
carbonyl group attached to an optionally substituted alkyl, aryl or heteroaryl group and suitably contains 2 to 8 carbon 

An araikyl group designates an alkyl group, defined as above, substituted by an aryl group. An aryl group designates 
an optionally substituted phenyl or naphthyl group. A heteroaralkyl group designates an alkyl group, defined as above 
substituted by a heteroaryl group. A heteroaryl group designates a mono- or polycyclic ring system consisting of 5- or 
6-membered aromatic rings containing one or more sulfur or nitrogen or oxygen atoms or combinations thereof Anv 
or all of the constituent groups may be optionally substituted. 

The optional substituent groups may be any of those customarily employed h the development of pesticidal com- 
pounds, or the modification of such compounds to influence their structure/activity, persistence, penetration or other 
property. Optional substituent groups designated above in the terms: an optionally substituledalkyi, alkenyl orcyeloalkyl 
group, including the alkyl portions of araikyl, heteroaralkyl or acyl groups, include halogen, especially fluorine chlorine 
or bromine atoms, phenyl, nitro, cyano, hydroxyl, C.-C^lkoxy C.-C 4 a!ky! « , G 4 h= i ,j<- oxy, (C^alko carbonyl 
amino, alkyl- and phsnyl-sulfinyl, -sulphonyl and -sulfonyl groups, mono- and di{C,-C 4 alkyl)amino groups and the like, 
preferably halogen. 

Optional substituent groups defined above in the terms; an optionally substituted aryl or heteroaryl group, including 
aryl and heteroaryl parts of araikyl, heteroaralkyl and acyl groups, may include halogen, especially fluorine, chlorine 
and bromine atoms, n.iro cyano, ammo, hydroxy!, C r C 4 alky), C,-C 4 haloalkyt, especially CF 3 , C,-C 4 atoxy, C r 
C 4 haloalkoxy groups and the like. 4 1 ■ 

Included in the scopeof the present invention are all possible enantiomers and diastereoisomers of the compounds 
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i formula I having one or more optically active centers, and also trie N-oxides ol the ieoxazofe or isothlazols ring 



Particularly interesting herbicidal activity has been found in the (S)-isomers of those formula I compounds wherein 
2 represents the group -*CH[R 3 )-, and *C designates an asymetric center. 

Among the specific compounds of the invention which may be represented by formula I are compounds such as: 

{S)-3-t-ButyHsoxazole-S-cartaaxylic acid (1 -phenytelhyljamide; 

(SJ-a-t-Butyl-isoxazole-S-carboxylic acid (1-thien-2-yiethyl)amide; 

(ftS)-3-(2-Fluoropher»yl)isothiazole-5-carboxylic acid (1 -thien-2-ylethyl)amide; 

(fi^-3-t-ButyMsoxazote-5^rboxylic acid (1-thien-2^lethyl)amide; 

(S)-3'Phenyl-isoxazole-5-carboxyltc acid (1-phenyle1hyl)amide: 

(ft3)-3-Phfinyl-isaxazole-S-cafboxylic acid (1-thien-2-ylethyl)amide: 

(/J/^-3-Styryl-isoxa2ole-5-carboxylic acid (1 -thien-2-ylelhyl)amkJe: 

(R«)-3-Cyclohexyl-isoxazo!e-S-carboxylic acid (1 -ihien-2-ylethyl)amide: 

(B^-3-Dimethylamino-isoxazole-S-cartioxylic acid (1 -thien-2-y!ethyl)amide; 

(R^^-(2'-Pyridyl)isoxazcJe-5-carbc^iicacid(1-thien-2-ylethyl)am 

(™S)-3-(2 ! -Thienyi)isoxazoi9-5-carboxylic acid (1 -thien-2-ylethyl)amide; 

{ftSj-a-l^-MelhylphenyOisoxazole-S-carboxylic acid (1 -thien-2-ylethy!)amine; 

{/VSJ-a-t^-MethoxyphenylJisoxazole-S-carboxyiicacidfl-thien^-ylethyOamide; 
(R^^-(2^4 , -Oifluprophenyl)isoxazole^5<arboxylicacid(1-tr^iQn-2-ylethyl)amide; 
(fl/^-3-Benzyi-isoxazole-5-camoxylic acid {1 -thien-2-/le1tiyl)amide; 

;ft3j-3-i-Butyl-4-chioro-isoxazole-S-carboxylic acid (1 -thren-2-y]e!hyl)amide: 
(/^-3-t-Butyl-4-methyl-isoxazoie-5-carboxytioacid{1-thien-2-ylethyl}arnide; 
{fl/S)-3-t-Butyl-isoxazofe-5-carboxylic acid N-methyl,N-(1 -ihien-2-ylethyl)amide; 
(fl^-3-l-Butyl-isoxazole-5-carboxytic acid N-acetyl,N-{1 -th ien-2-ylethyl)amide; 
3-t-ButyWsoxazole^-carboxyiic acid (thien-2-yl-methyl)amidB; 
(w5j-3-t-Buty!-isoxazole-5-carboxylic acid (1 -(4'-chlorophcnyl)ethyi)amide, 
(fl^-3+Butyl-isoxazole-5-carboxylic acid (1 -(4'-metriyipheny!)ethyl)amide; 
(ft'S)-3-t-Butyl-isoxazole-5-carboxylic acid (1-furan-2-ylethyl)amide; 
(B«)-3-t-Butyl-isoxazole-5-carboxy!ic acid (1 -(2'-pyndyl)ethyl)amide; 
(WS) 3 1 Butyl-isoxazole-5-carboxylic acid (1 -thien 3-yiethyl)amide: 

(fKS)-3-t-Butyl-isoxazole-S-carboxylic acid (1-(2'-benzothienyl)ethyi)amide and the like. The compounds of the 
invention may be oils, gums, or, predominantly crystalline solid materials. Said compounds demonstrate valuable 
herbicidal properties andmay be used in agriculture or related fields for the control of a wide spectrum of undesired 
monocotyledenous and diootyledenous plant species. Further, compounds of formula I demonstrate good horbi- 
cidal activity within a wide concentration range and advantageously, may be used in crop production, such as 
cereal crop production or leguminous crop production without causing an unacceptable phytotoxic effect on said 



The present Invention also provides a process for the preparation of a compound of formula I which comprises 
reacting a compound ol formula II 



0 



w 




(II) 



wherein W, X and Y are as defined hereinabove for formula I and L represents a leaving group, with compound of 
formula III 
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UN R_ 
(III) 



wherein Z, R, and n 2 are as defined hereinabove for formula I. 

The leaving group L as used in the specification and claims designates a halogen atom, such as chlorine; an 
aeyloxy group, such as acetoxy; an alkoxy group, such as a methoxy or ethoxy group; or an aryloxy group, such as a 
phenoxy group. Preferably, L represents a methoxy or ethoxy group. 

When L represents an alkoxy group, the reaction may be carried out in an organic solvent, for example ethahol or 
toluene, and at a temperature range at about room temperature to the reflux temperature of the reaction mixture. The 
reaction is most effectively carried out under basic conditions. The basic conditions may be provided by employing an 
excess of the amine of formula III in the reaction, for example a two-fold excess. Alternatively, the basic conditions 
may provide J b/ the separaie inclusion of a base in the reaction mixture. The base may be any of those commonly 
omployed in organic chemistry, for instance, a hydroxide, hydride, aikoxide, carbonate or hydrogen carbonate salt of 
an alkali metal or an alkaline earth metal; or an amine. A preferable base is a tertiary amine, for example triethylamine. 

In another embodiment of the above process, a compound of formula I may be prepared by reacting a compound 
of formula II with a salt of formula IV 




(IV) 



wherein Z, and R 2 are as defined hereinabove and 8- is a suitable anion, for example a chloride, bromide, iodide, 
sulfate or (fi)-2-hydroxysuccinate, in the presence of a base The reaction may be carried out in an organic solvent, 
for example ethanol or toluene, and. at a temperature range of about room temperature to the reflux temperature of 
the reaction mixture. The base may be any of those commonly employed in organic chemistry, for instance, a hydroxide, 
hydride, aikoxide, carbonate or hydrogen carbonate salt of an alkali metal or an alkaline earth metal: or an amine, 
preferably a tertiary amine, for example triethylamine. The amount of base used may be an excess amount, for example 
a four-fold excess, 

Many starting isoxazole- and isothiazole-5-carboxylates of formula II wherein L represents an alkoxy group are 
known or may be prepared by known methods, such as those described by O. Moriya ef al, J. Chem. Soc, Cham. 
Comm., 17, (1991); R. Howe eta/, J. Chem. Soc., Chem. Comm., 524, (1973), or D. Buffel era/, J Org Chem 49 
2165, (1984). : "— ' 

The amines of formula III and the salts of formula IV are known, or may be obtained from known materials by 
standard synthetic techniques. 

The formula I compounds of the invention are highly effective herbicidal agents. Accordingly, the invention further 
provides a herbicidal composition comprising a compound of formula I as defined above in association with at least 
one carrier. Preferably there are at least two carriers, at least one of which is a surface-actfve agent. 

A carrier, as intended for use in a composition of the invention, is any material with which the active ingredient is 
formulated to facilitate application, or to facilitate storage, transport or handling. A carrier may be a solid or a liquid, 
including a material which is normally gaseous but which has been compressed to form a liquid. Any of the carriers 
normally used in formulating herbicidal compositions may be used Compositions according to the invention may con- 
tain about 0.5% to 95% by weight of active ingredient. 

Suitable solid carriers Include natural and synthetic clays and silicates, for example natural silicas such as diatom- 
aceous earths; magnesium silicates, for example talcs; magnesium aluminum siScafos for wemni* attapulgitss and 
varmiculites; aluminum silicates, for example kaolinites, montmorilfonites and micas; calcium carbonate; calcium sul- 
fate; ammonium sulfate; synthetic hydrated silicon oxides and synthelic calcium or aluminum silicates; elements, for 
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example carbon and sulfur; natural and synthetic resins, tor example coumarone resins, polyvinyl chloride, and styrene 

Suitable liquid carriers include water; alcohols, for example, isopropanol andglycols; ketones, tor example acetone, 
methyl ethyl ketone, methyl isobutyl ketone and cyclohexanona; ethers; aromatic or araliphatic hydrocarbons for 
example benzene, toluene and xylene; petroleum fractions, for example kerosene and light mineral oils- chlorinated 
hydrocarbons, for exampleearbon tetrachloride, perchtoroethyfenea^trichloro^thanejarKJthelikeormfxturesthere- 



ly be formulated and transported in a concentrated form and subsequently diluted 
^fZTT™- ^ IT SSn f S ° f Smali am0UntS ° f 3 carrisr whk * is a agent facilitates this process 

at dilution. Thus, preferably at least one carrier in a composition according to the invention is a surface-active agent. 
For example the composrtion may contain at least two carriers, at least one of which is a surface active agent 

A surface-active agent may be an emufsifying agent, a dispersing agent or a wetting agent: it may be nonionic or 
ionic Examples of suable surface^tive agents include the sodium or caicium salts of pclyacrylic acids and lignin 
surfomc aads; the condensation products of fatty acids or aliphatic amines or amides containing at least 12 carbon 
atoms in the molecule with ethylene oxide or propylene oxide; fatty acid esters of glycerol, sorbitan, sucrose or pen- 
' ' s - en.ne.nyer* cxioe or propylene oxide; condensation products of tatty alcohol or 

alkyl phenols, for examplep.-octylphencl or £ -octyteresol, with ethylene oxideorpropyleneoxide: sulfates orsulfonates 
of these condensato products; alkali or alkaline earth metal sate, preferably sodium salts, or sulfuric orsulfonic acid 
esters containing at least 10 carbon atoms in the molecule, for example sodium tauryl sulfate, sodium secondary alkyl 
sulfates, sodium salts of sulfonated castor oil, and sodium alkaryl sulfonates such as dadecylbenzene sulfonate- pol- 
ymers of ethylene oxide and oqpoiymers of ethylene oxide and propylene oxide; and the like. 

The compositions of the invention may take the form of wettable powders, dusts, granules, soluble granules so- 
lutions, emulsifiable concentrates, emulsions, suspension concentrates, microemulsions or the like. 

Aqueous dispersions, emulsions, solutions and such expositions obtained by diluting a wettable powder or a 
concentrate according to the invention with water, are ^included within the scope of the invention 

The composition of Shu invention may also contain other active ingredients, such as other compounds possessing 
herbicide!, insecticidal or fungicidal properties. 

The present invention further provides a method for the control of undesirable monocotyledenous and dlcotylede- 
nous annual, perennial and aquatic plant species which comprises applying to the foliage of said plant specias or to 
the sort or water containing seeds or other propagating organs thereof a herbicidally etTectrve amount of an isoxazole- 
or lso!hiazole-5-carboxamide compound of formula I. 

Particularly interesting control of grasses and broad-leafed weeds, both preemergence and postemergence has 
been found. The selective control of said weeds in important crop species such as wheat, barley, maize, rice and 
soybeans has also been found, . .. 

Dosage rates for effective weed control may vary according to the prevailing conditions such as soil cori'ditions 
weather conditions, weed population and density, mode of application and the like. Dosage rates of about 0.01 kg/ha 
to 10 kg/ha, preferably about 0.05 kg/ha to 4.0 kg/na offer effective weed control. 

^ f I T, Clea ' J u u nders,andin S of «1« ™ errtion . s P 9C «i° examples thereof are set forth beiow. The invention 
desenbed and claimed heretn is not to be limited in scope by these merely illustralive examples. Indeed, various mod- 

" S^fllrrT 0 " mti ° n ,0 91036 eXemplifi8d d65Crbed herein wili become W**nt» those skilled 
mtheartfromthefolfowmg examples and (he foregoing description. Such modifications arealso intended to fall within 
the scope of the appended claims. 

lntteexarTple«,thete^ 
chromatography performed under moderate pressure. 

EXAMPLE 1 



{a) Elhyl 3-t-t 

nionSS 1 ?^° X ^\° mL ' 31 - 5 [^^^0f, i5 3dded dropWiSS ' With C0O,in9 ' t0 a stirTed M « « *W pro- 
pionate (13.7 mL, 126 mmol) and trimethylacetaldoximoyl chloride (8.5 g, 63 mmol, prepared according to J N Kim 
ef a< J.Grg. Chem., 57, 6649, 1992) in dry toluene. The mixture is stirred at room temperature for 16 h and the solvent 

LT^flT raCU ^V 9SUl,an! r9SidU9 iS PUrfed by flaSh COlumn * om WiV (sitoa gel hex, nn/mhyl 
.acffm»«.l v/v) togive ethyl a-t-butyl-isoxazole-S-carboxylate (12 g, 97%) as ayeltowoil, which is used in the following 
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(b) {^3-t-BuiW-isoxazo!e-S-carboxylic acid (l-phenethyl)amide 

Asolution of ethyl 3-t-butyl-isoxazQle-5-carbaxylate (1.5a g, a mmol) and (S)-1-phenettiylamine (2.91 g, 24 mmol) 
in absolute slhanol is refiuxed for 7 days and concentrated in vacuo to give a residue. The residue is purified by flash 
column chromatography (silica gel, hexana/ethyl acetate 4:1 v/v) to give (S)-3-t-butyl-isoxazole-5-carboxylic acid 
(1 -pfienethyUamide (1.01 g. 46%) as colorless crystals, mp 1 30-1 31 °C. 



10 fSI-3-t-Butvl-isoxazole-S.earboirvl ic acid fl-thfen-2-vlethvllamlde 

(a) (^-(1-Thien-2-ylethyJ)ammoniurn (R)-2-hydroxy-succiriate 

(fVSy HThien-2-yiethyl)amine (381.6 g, 3.0 moi) is added dropwise to a stirred solution of D-(+)-2-hydfoxy-suc- 
» cinic acid (402.3 g, 3.0mol)irivteteratroomtemperattjre. During the addition, the temperature of the solution rises to 
55-60 a C. The solution is allowed*, stendat room temperature for about 1 6 h. during which time a ci yataHne precollate 
forms and the precipitate is tittered off. The optical purity of the salt is determined as follows: A small quantity of the 
salt 16 treated with a 10% molar excess of sodium hydroxide in water and the aqueous solution is extracted with dichlo- 
romethans. The organic extracts are combined, dried over magnesium sulfate and concentrated in vacuo. The optical 
SO purity of the sample of free amine so generated is determined by NMR spectroscopy using a chtral shift reagent, e.g. 
Eu(fod) 3 . The bulk ol the salt is then recrystaliized from water and the optical purity of if , ortion of the s'a» s 
redetermined by the same procedure. This process is repeated until a satisfactory optical purity is achieved If the salt 
is allowed to recrystallize slowly, a ratio of 92:8 o! the 5-arfintfomertc the R-enantiomer of the amine can be obtained 
after a single recrystallization. The yield of (S)-1-(thien-2-ylethyl)ammonium (fi)-2-hydroxysueeinate is 195.0 g, 50% 
Z5 of theory, mp>300»C. 

(tj) (^a-t-Bmyf-isoxazole-S-carboxylie acid (1-thien-2^lefhy[}amiete 

Triathylamine (3.26 g, 32 mmol) is added to a stirred suspension of (S)-1-(thien-2-ylethyl)ammonium (ff)-2-hy- 
so droxysuccinate (2.30 g, B.B mmol) in absolute ethano! (25 ml), and the mixture is stirred at room temperature for 5 
min, during which time a clear solulion is formed. Ethyl 3-t-butyl-isoxazole-5-carboxylate (1.5B g, 8 mmol) is added 
and the mixture is refluxed for 9 days. A further small portion of triethylamine is added to the reaction mixture, and the 
mixture is heated at reflux temperature for another 3 h The solvent is evaporated in vacuo to give a residue The 
residue is dissolved in dichloromethane, washed with IN hydrochloric acid, dried over anhydrous magnesium sulfate, 
as and concentrated in vacuo to give a second residue. This second residue is purified by flash column chromatography 
(silica gel, hexane/ethyl acetate 4:Vwv) to give (S)-3-t-butyl-isoxazote-5-carboxy!ic acid (1-thien-2-ylethyl)amide (460 
mg, 20%) as colorless crystals, mp 92°C. 



(a) SK2-Ruwophenyl)[1 I 3 1 4]oxathlazolin^.one 

Chforacarbonyl sulfenyi chloride (1 1 .24 g, 86 mmol} is added dropwise to a stirred suspension of 2-fJuorobenzamrde 
(10 80 g, 78 mmol) in dry toluene. The mixture is heated gradually over a period of 30 minutes to a temperature of 
about B0*C (a clear solution is formed with evolution of gas), stirred for approximately 1 h at SO'C, heated to about 
98'C, stirred at 98'C for 5 h, and distiiled to remove the toluene and excess chlorocarbonyl sulfenyl chloride. The 
resultant pot residue is redissofved in toluene, washed sequentially with water, 5% sodium bicarbonate and water, 
dried over anhydrous magnesium sulfate and concentrated in vacuo to give a residue. This residue is recrystaliized 
from petroleum ether tn give 5-(2 h9ny!)[1,3,4]o> thiazofri-2-oi (13 a Z "A . *i„,,u , a , , 5u C 

(b) Ithyl 3-(2-fluorophenyl)isothiazole-S-carboxylate 

A solution of 5-(2-fkjoropheny l)(1 , 3,4]oxathiazo-lin-2-one (1 .97 g, 1 0 mmol) and ethyl propiolate (1 ,96 g. 20 mmol) 
In "-xylene is hoatod at reBux temperature for 43 h, treated with a further portion of eihyi propionate, heated at reflux 
temperature for another 48 h, and distilled to remove the solvent The resultant residue is pufified by flash column 
chromatography (silica gei, toluene) to give ethyl 3-(2-ftuorophenyl)isothiazole-5-carboxylate (1.0 g, 40%) as yellow 



EXAMPLE 2 



EXAMPLE 3 
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crystals, mp 53-54'C, plus ethyl 3-(2-fluorophenyl)i^hiaip|e-^Har|K»iyIate {0.8 g, 32%) as a yeilowoil. 

(c) 3-<2-Huprophenyt)isothiazole-5-carbe>xytio acid 

A solution of sodium hydroxide (0.17 g, 4.2 mmd) in water (4 fnL) is added to astirred solution of ethyl 3^2-fluor- 
ophenyl)isothiazole-5-carboxylate (0.S8 g. 3.5 mrnol) in ethanol. The mistime is stirred for 6 h at S0°C The ethanol is 
then removed by distillation and the resulting aqueous phase is washed with diethyl ether, acidified wjth2N hydrochloric 
acid and filtered. The fiitercake is dried in vacuo to give 3-(2-fluorophenyt)-isothiazole-5-carbo)cylk: acid (0.67 g, 86%) 
as beige crystals, mp 1 91 -1 S2'C. 

(d) («^-3-(2-Ffuoro P heriyl)isolhiazol e -S<arb<ixylte acid (1-ftien-2-y!ethyl)amide 

A stirred soiution of 3-{2-f1uorophenyl)isoifiiazole-5-<:art:oxylio acid (0.67 g, 3.0 mmol) in dry tetra-hydrofuran is 
treated with 1 ,1 '-carbonyldiimidazoie (CDI) (0,54 g, 3.3 mrnol), heated at reflux temperature for 30 minutes, cooled to 
room temperature, treated with (WS)-1-(thien-2-ylethyl)amine (0.57 ,g, 4.S mrnol), stirred for 10 minutes, treated 'with 
a solution of 1 ,3-diazabicycb(5.4.0]undec-7-ene (DBU) (0.50 g, 3.3 mmol) in ethano), heatedat reflux temperalure for 
4 5 flowed to 5-t.nd al room temperature overnight and distilled to remove the tetrahydrofuran. The distiHation 
residue is dissolved in ethyl acetate, washed sequential^ with 2N hydrochloric acid and water, dried over anhydrous 
magnum sulfate and concentrated in vacuo to give a residue. This residue is fecrystallized from toluene to yield (R/ 
S^-fa-fluorophenylJisothia-zole-S-carboxylic acid (1 -thien-2-ytethyl)amid e (0.70 g, 70%) as beige crystals mp 
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Example 32 : Ewiuaifan of th e herbickiai activity oi compounds of formula I 



_ PLANT SPECIES USED 

TRZAW Triticum aestivum 

HORVW Hordeum vulgare 
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(continued) 



PLANT SPECIES USED 


ZEAMX 


Zeamays 


QOSHI 


Gassyphun hksutum 


GLXMA 


Glycine max 


ALOMY 


Abpecums myosuroides 


SETV1 




GALAP 


Galium sparine 


STEME 


Stellaria media 


VERPE 


Veronica persica 


JPOHE 


Ipomoea hederacea 


LAMPU 


larrmm purpumum 


PAPRH 


Papaverrhoeas 


MATIN 


Matricaria inodors 


AMARE 


Amaranthusmtroftexus 


A3UTH 


Abutiton theophmsti 


AM BEL 


Ambrosia artemisifotia 


CHEAL 


Chenopodium album 



The preemergence tests are conducted by spraying a liquid formulation of the test compound onto ths soi! in which 
the seeds of the plant species have recently been sown. The postemergence tests are conducted by spraying a liquid 
formulation of the test compound onto seedling plants. 

The soil used in the tests is a prepared horticuftura! loam. 

The formulations used in the tests are prepared from solutions of the test compound in acetone containing 0.4% 
by weight of an alkylphenoi/ethylene oxide condensate. These acetonesolutionsarediluted with waterandthe resulting 
formulations applied at dosage levels corresponding to 0.8 kg of active material per hectare in a volume equivalent to 
900 liters per hectare. 

In the preemergence tests untreated sown soil, and in the postemergence tests untreated soil bearing seedling 
plants, are used as controls. 

The herbicidal effect of the test compounds is evaluated twenty days after treatment and is recorded on a 0-9 
scale A rating of 0 indicates growth equivalent to the untreated controi, a rating of 9 indicates complete death. 

TheresultsofthetestsareshowninTabJell betow. An asterisk denotes the specified plant species was rot treated 
in the test. 
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1. A compound of formula I 



14 



EP 0761 654 A1 



wherein X represents an oxygen or sulfur atom; 

W represents an optionally substituted alky!, aikenyi, cycloalkyl, diaikylamino, aryl, heteroaryl or aralky! group: 
Y represents a hydrogen atom, a halogen atom, or an optionally substituted alkyl group; 
R, represents a hydrogen atom, an optionally substituted alkyl group, or an optionally substituted acyl group: 
Z represents an optionally substituted C r C 4 alkylene group with the proviso that when R, is hydrogen and 2 
p.— <H/n»-» hentheoptb substituc s not cyano, thiocaroamoyl wthiorarbarnoylacyl; and 

represents an optionally substituted aryl or heteroaryl group with the proviso that whan X represents a 
sulfur atom, then FL, does not represent a furyl group or a phenyl group optionally substituted with halogen 
and with the further proviso that when Z represents an unsubstituted methylene group, then R, does not 
represent an unsubstituted phenyl group; or 

the N-oxidos thereof; or 
the optical isomers thereof. 

Z The compound according to claim 1, wherein W represents an optionally substituted alkyl, alkenyl cycloalkyl 
diaikyiamina, phsr.y!, pyndyl, furyl or thlenyl group. 

3. The compound according to claim 1 wherein W represents a branched C 3 -C 6 alkyl group or apheny! group optionally 
si.hatihi^d with one or two substituents independently selected from halogen, C r C 4 alkyl, C,-c 4 alkoxy and C r 



4. The compound according to claim 1 wherein Y represents a hydrogen atom. 

5. The compound according to claim 1 wherein R 1 represents a hydrogen atom. 

6. The compound according to claim 1 wherein Z represents -CH(R 3 )-; and R 3 represents a hydrogen atom or an 
optionally substituted C, -Cjalkyl group. 

7. Thecompoundaccordingtoclaim t wherein R 2 represents furyl, pyridyl, thienyl, benzothienyl. or phenyl optionally 
substituted by one or two substituents independently selected from halogen and C, -C 4 alkyl. 

a. The compound according to claim 1 wherein W represents t-butyl or phenyl; Z represents -CHfCH,)-; and R, 
represents phenyl or thienyl. 

9. The compound according to claim 1 wherein the optically active isomer is the {S)-isomer. 

10. The compound according to claim 1 selected from the group consisting of 

(S)-3-t-butyl-isoxazole-S-cartioxylic acid (l-phenylethyl)amide; 
(Sl-a-t-butyl-isoxazole-S-caitoxylic acid (1-thien-2-y!ethyl)amide; 
{.^-3^2-fiuoiophenyl)isothia«ale^.carboxyiicacid (1-lhien-2-ylethyl)amide; 
(»S)-3-t-butyj-isoxazole-5-carboxy lie acid < 1 -th ien -2-ylethyl)amid9; 
(S)-3-phenyl-tsoKazote^-carboxylk: acid (1-phsnylethyt)amide; 
(B«3-3-pheny!-isoxazole-5-carboxylic acid (1-thien-2-ylethyl)amide; 
(R/S)-3-styryl-isoxazole-5<arboxylic acid (1-thien-2-ylethyl}amide; 
(ws)-3-cyciohexyl-isoxazo!e-5-carboxylic acid (1-thien-2-y!ethyt)amidB; 
(/WS)-3-dimethylamino-isoxazole-5-carboxy|]c acid (1 -thien-2-ylethyl)amide; 
(B^-S^'-pyriclylJisoKazole-S-carboxylic acid (1 -thien-2-ylethyl)amide; 
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(R^-3-^hisnyl)fsoxazole-5-oart]oxylic,acid (1 -thia>2-y| e thyl)amide; 
(/?©)-3'(4'-methylphenyl)iscwazo]s-5-carboxyfe acid (1 -ihien-2-ytethyljamide- 
(^-3-(4^raetho^pheny0isoxazo(e-5-oarboxylioacid(1-ihien-2-yletfiyl)arnide- 
(»S)-3-{2',4'-difIuoroph e nyl)isoxazote-5-carbo^lic acid (1 -thien-2-yi 8 thyl)amid e - 
(/^■3-benzyl-iscKazola-S-oarboxyfio acid f 1 -thien-2-ylethyl)amide; 
(fi/^-3-t-butyi-4-chloro-fsoxazole-5-carboxytic acid (1 -thien-2-y!ethyl)amide- 
(R«}-3-t-butyl-4-methyl-isoxa2ois-5-cafboxyli<: acid (1 -thien-2-ylethyl)amide- 
(WSl^-t-butyl-taoKazoie-S-cartioxylic acid N-methyl,N-{1 -thisn-2-ytethyl)amide- 
(»B)-3-t-bulyl-isoxazol9-S-carboxylicacid N-ac 9 tyi,N-{l-thien-2-ylaihyl)amide;' 
3-rtutyl-isoxazole-5-carboxylicacid (thien-2-yl-methyf}amide; 
m-3-t-butyl-isoxazoIs-5-carboxy!ic acid {1 -(4'-chlorophenyl)elhytjami<to- 
(H^J-S-t-biityl-isoxazole-S-cafboxylic acid (1-(4'-methylpheny!)e1hyl)amide' 
(ftS)-3-t-b.utyl-isoxazQls.5-cartioxylic acid (1-furan-2-ylethyl)amide: 
(^-S-t-butyl-isoxazols-S-catboxylic acid (1 -(2'-pyridyl)ethyl)amide; 
(/WS)-3-t-butyl-is6xazole-S-carboxylic acid {1 -thien-3-ylathyl}amids- and 
(/^-3-t-buty|.iso>cazoie-5-cafbc^licacid^^(2^benzo^hiar l yl)8thyl)am^da. 

!. A methc#forihecxxitrol of undesirable u i i ri 

species which comprises applying to the foliage of the ptots or to the soil or Lercontdninrseedst 
propagatmg organs thereof a homicidally effective amount of a compound of formula I 



Wherein X represents an oxygen or sulfur atom; 

W represents an optionalty substituted a.kyl, alkenyl, cycloalkyl, dialkylamino, aryi, heteroaryioraralkyl group; 
Y represents a hydrogen atom, a halogen atom, or an optionally substituted alkyl group; 

?lZ?7 S 3 ° P,i ° nally SUb5UtUt9d alky! 9 ™ P 0r 90 °P tiona,! y diluted acy! group- 

Z represents an optionally substituted 

Cj-C^alkylehe group; and 

R ? represents an optionally substituted aryi or heteroaryl group; or 

the N-oxides thereof; or 

ttie optical isomers thereof. ...... 

U T H e ,' ne .! h0d a ° COrdin9 10 " havin9 a ,0fmula 1 "wnpounfl wherein W represents an optionally substituted 
alkyl, altenyl, cyctelkyl, dialkylamino, phenyl, pyridyl, furyl orthienyl group; Y represents a hydrogen atoSvi 
represents a -CHf^-group; and H 3 represents a hydrogen atom or an optionally substituted c'cJK SoTp 

13. The meth* according* claim 11 wherein said undesirable plant species arecorrtrolled in the presence of acrop. 

14. The method according to claim 13 wherein the crop is a cereal crop or a leguminous crop. 



15. The method according to claim 14 wherein the crop is wheat, barley, oat or corn. 

16. t^method according to claim 11 wherein the formula 1 compound is applied at a rate ol about 0.01 kg/ha to 

composition which comprises a solid orliquid carrierand a nerbtaidaiiy sffsct!ys ^jnt c* a compound 
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i r 



wherein W, X, Y, Z. R, and Rg are as defined in daim 11 . 
18. The herblcidal composiffon according to claim 1 7 which comprises a! laast two carriers at least one of which is a 



n. The herbicida! composition according to claim 1 7 having a formula I compound wherein W represents an optionally 
substituted alkyl, alkenyl, cycloalkyl, dialkylamino, phenyl, pyridyl, furyl orthienyl group; Y represents a hydrogen 
atom; Z represents a -CH(R 3 )- group; and R 3 represents a hydrogen atom or an optionally substituted C r C 2 aikyl 
group, 

20. A process for the preparation of a compound of formula I which comprises reacting a compound of formula fl 



a* 



wherein W, Xand Y are as defined in claim 1 and L represents a leaving group, with a compound of formula III oi 



HN V R 



wherein Z, R, and R 2 are as defined in claim 1 and B" is an anion. 
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